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Abstract
The Local Group is a natural laboratory for investigating the formation and evolution of galaxies and com-
paring the observations with theoretical studies. According to the widely accepted lambda cold dark matter
(LCDM) model, galaxies have hierarchically experienced multiple merging events with less massive galax-
ies and have grown. Therefore, a snapshot of the Local Group should record a history of the hierarchical
structural formation of the universe. In fact, recent photometric and spectroscopic observations in the Milky
Way (MW) and the Andromeda galaxy (M31) have revealed a variety of stellar debris and stellar streams
because of such merger events. In this thesis, we directly target observed tidal streams in the M31 halo and
investigate the formation history of them and the nature of dark matter (DM) halo.
The LCDM theory has been remarkably successful in explaining the large-scale structure in the uni-
verse, but several serious discrepancies with observations have arisen below the galaxy scale: the “core-
cusp problem” (e.g., Moore 1994; Burkert 1995; Navarro, Frenk & White 1996), the “missing satellite
(sub-halo) problem” (e.g., Moore et al. 1999; McConnachie 2012), and “alignment of satellite problem”
(e.g., Ibata et al. 2013). As often discussed in the core-cusp problem at the inner region of galaxies, cos-
mological simulations have suggested that the spherically-averaged density profiles of DM halos have a
universal shape (e.g., Navarro, Frenk & White 1996, 1997; Diemand, Moore & Stadel 2004). As for the
density distributions in the outermost region, the mass-density mostly decreases with the cube of the radius
(r(r) µ r 3) from the center. That is to say, the outward region of a galactic DM halo is the excellent
laboratory to examine the prediction of the CDM model. However, it is extremely difficult to measure the
mass-density distribution in the outer region of a galaxy because the stellar and/or gas density is too low to
detect even with the latest instruments. Consequently, the theoretical prediction has not yet been carefully
confirmed by observations. In the first half of Part I, we investigate outer density distribution of the DM
halo in the M31 by modeling the formation of observed two stellar shells and the giant southern stellar
stream (GSS), which extends over 100 kpc in M31’s DM halo. We focus on the physics that varying gravi-
tational potential of M31 changes the evolutional timescale of the merger remnants and forms appropriate
structures. The difference of the timescale changes surface mass-density ratios among the two shells and
GSS, which have been produced by a single merger event. To reproduce the observed merger remnants,
it needs that the power-law parameter a (defined as r(r) µ ra ) is within  4:3 < a <  3:0. The results
suggest that the outer density profile of M31’s DM halo is steeper than that of the CDM halo predicted by
cosmological N–body simulations (a = 3).
In the last half of Part I, we examine the nature, possible orbits, and physical properties of the progenitor
of the North-western stream (NWS), which is a slender stellar stream locating on the M31 halo reported by
the Pan-Andromeda Archaeological Survey (PAndAS) in McConnachie et al. (2009) and Richardson et al.
(2011). Such a stream can be used to study the missing satellite problem, which is a serious difference
between the number of CDM halos and that of discovered satellite galaxies in galactic scale halos. It is, in
general, difficult to determine the progenitor’s orbit precisely because of many necessary parameters. We
here assume the progenitor was an accreting dwarf galaxy with globular clusters. Recently, Veljanoski et al.
(2014) reported five globular clusters whose positions and radial velocities suggest an association with the
stream. We use this data to constrain the orbital motions of the progenitor using test-particle simulations.
Our simulations split the orbit solutions into two branches according to whether the stream ends up in
the foreground or in the background of M31. Upcoming observations that will determine the distance
to the NWS will be able to reject one of the two branches. In either case, the solutions require that the
pericentric radius of any possible orbit be over 10 kpc. Furthermore, we estimate the efficiency of the tidal
disruption and reject the notion that the progenitor could have been a globular cluster previously thought.
The progenitor at least requires the mass >2 106M and half-light radius >100 pc. In addition, we
perform N-body simulations that succeed in reproducing the extent, width, and position of the NWS and
the line-of-sight velocities of globular clusters in the NWS.
In Part II, we again focus on the GSS. Previous N–body studies have enjoyed moderate success in pro-
ducing the observed GSS and stellar shells in M31’s halo. The observed distribution of stars in the M31’s
halo shows an asymmetric surface brightness profile across the GSS; however, the effect of the morphology
of the progenitor galaxy on the internal structure of the GSS requires further investigation in theoretical
studies. To investigate the physical connection between the characteristic surface brightness in the GSS
and the morphology of the progenitor dwarf galaxy, we perform the first large systematic survey of a mi-
nor merger with a disk satellite progenitor galaxy. In the N–body simulations, we systematically vary the
thickness, rotation velocity, and initial inclination of the disk dwarf galaxy. The formation of the observed
structures appears to be dominated by the progenitor’s rotation. Besides reproducing the observed GSS and
two shells in detail, we predict additional structures for further observations. We predict the detectability
of the progenitor’s stellar core in the phase-space density distribution, azimuthal metallicity gradient of
the western shell-like structure and an additional extended shell in the north-western direction that may
constrain the properties of the progenitor galaxy.
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